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In the past few years, the solution-processed organic based solar cells gained
more importance by meeting the demands for cost effective photovoltaic devices. To
date, the focus of the organic photovoltaic devices has been on the optimization of the
processing the materials to improve photo conversion efficiency and also by modifying
the active components of the organic materials. Recently, it has been recognized that the
deposition techniques also plays a major role in enhancing the power conversion
efficiencies. Currently, though the most common deposition technique for organic solar
cells is spin coating, which does not allow scaling up of the large device area.
As an alternative method, a simple airbrush spray deposition technique has been
developed to fabricate the test devices. The film thickness of the layers was characterized
under scanning electron microscope. Devices with different thickness (1000 nm, 500 nm,
240 nm) of poly(3,4-ethylenedioxythipohene) polystyrene sulfonate (PEDOT.PSS) and
active layers are prepared and their photovoltaic performances have been evaluated and
compared by plotting the IV curves with respect to each thickness. Maintaining the
distance between the substrate and the airbrush nozzle the thickness of the layers was
controlled. From the results, we found that the test devices with 500 nm thickness of
PEDOT.PSS and active layers shows the best device performance with highest current
density of 3.97 mA/cm2, open circuit voltage of 1.3 V and power conversion efficiency of

xi

2.34%. As a control experiment, devices were also developed using the standard poly(3hexylthiophene-2,5-diyl):phenyl-C61-butyric acid methyl ester (P3HT:PCBM) system,
but the power conversion efficiencies of these devices were not promising with respect to
the literature results.
Future studies of this project will focus on improving the power conversion
efficiency of poly(3-hexylthiophene-2,5-diyl)/perylenediimide bridged system
(P3HT/PDIB) by developing a new device architecture called “tandem solar cells” which
consists of multiple layers of different donor and acceptor blends with inorganic
transition metal oxides such as zinc oxide and molybdenum oxides.
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CHAPTER 1
INTRODUCTION
1.1 Overview
Ever-increasing global energy demands, limiting supply of the earth’s natural
resources (coal, oil) and concerns over climate change underscore the urgency for
alternative sources of energy. Fortunately, the availability of renewable energy sources
which can neither be exhausted nor have harmful effects on the global environment
seems to have endless capacity and is regarded as an essential energy resource by many
developed nations. Solar energy is considered the best of the available alternative energy
sources for its clean and unbound availability. So, devices converting the light energy
into electrical energy are becoming important.
The discovery of the photovoltaic effect in 1954 marked the era of the
photovoltaic technology.1 Photovoltaic technology harvests energy directly from sunlight
and is esteemed as an essential component for future energy production. As a result,
many solar cells have been developed.2-8 Currently, the commercialized inorganic solar
cell, the silicon solar cell have some advantages; efficiency of 20% and long life
expectancy.3,4 However, the high cost of the inorganic solar cells limits their acceptance
and is not affordable to wide communities. For this reason, many research groups strived
to conduct intensive research to develop cost effective photovoltaic technologies. Among
such the organic solar cells may be the most promising technology.9-18 The interest in the
field of organic photovoltaics has been progressed significantly in the recent years
because of the following advantages: 1) cost effective production19 2) availability of the
1

abundant organic materials20 3) mechanical flexibilty15 4) easy fabrication using methods
such as spin-coating and printing methods.21-23
Organic solar cells employ small organic molecules (carbon-based) or conductive
organic polymers for converting light energy to electrical energy through the process of
photovoltaics. The organic photovoltaics differ from the inorganic photovoltaics in
principles of operation and their methods of production.
The discovery of photoconductivity in solid anthracene by Pochettino in 1906 is
regarded as one of the greatest discoveries since it is the first organic compound showing
photoconductivity effect.24 The actual idea of organic solar cells began in the early 1950s
when the organic dyes were used as photoreceptors.25,26 The idea of employing organic
molecules as photoactive materials arise from the photosynthetic process in plant life
using molecular systems to harvest the light and converting into chemical energy. In
1958, Calvin et.al fabricated the organic solar cells by sandwiching the organic dyes
pthalocyanines25, merocyanines26, and chlorophylls27,28 between two metals. However,
the power conversion efficiencies of these cells did not exceed <1% because of the large
work function of the metals. The first polymer-based solar cells were designed in the
1980s were composed of single active layer of either a polymer or a dye. The first
significant breakthrough in organic photovoltaics came in 1986 when C. W. Tang
generated a bilayer heterojunction which showed a power conversion efficiency of 1%.22
Tang generated a cell comprised of two different materials with one as an electron donor
layer and the other as electron acceptor layer. From then the concept of heterojunction
has been widely studied. Later, a second breakthrough in the field of organic
photovoltaics came in 1995 when Heeger et al. invented the bulk heterojunction (BHJ)
2

concept.9 The bulk heterojunction is a mixed layer fabricated by the deposition of the
donor and acceptor molecules. In 1992, Sariciftci et al. fabricated the first
semiconducting polymer and fullerene (C60) device.29 Due to the high electron affinity
and mobility of these fullerene derivatives, the organic solar cells with improved
performance has been achieved.
Currently, the most efficient organic solar cells have been developed from the
mixtures of electron-donating conjugated polymers, poly(3-hexylthiophenes) (P3HT) and
an electron-accepting fullerene derivatives (PCBM) 30 and is considered as one of the
most promising materials for the organic photovoltaics. Recently, the polymer solar cells
with the blends of P3HT: PCBM have reported the highest power conversion efficiencies
of greater than 8% using the bulk heterojunction device architecture.31-34 However, the
power conversion efficiencies of these solar cells depends on the ability of the generated
excitons to reach the donor-acceptor heterojunction with the generation of charge carriers
escaped to the respective electrodes. Although the power conversion efficiencies of these
fullerene-based solar cells are high, the cell area is limited to 2 cm2.
1.1 General Goals of the Research
The general goal of my research is to develop a low-cost device fabrication
technique to make organic-based solar cells using BHJ device architecture in order to
enhance their photovoltaic performance. To do this, a simple airbrush technique was used
to fabricate the test devices on either glass or plastic substrates. Using this technique, a
conductive layer of PEDOT:PSS and blend of perylenediimide bridged silsesquioxane
nanoparticles (PDIB) and P3HT were coated on either ITO glass or ITO plastic
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substrates. The film thicknesses of the deposited layers were investigated using the
scanning electron microscope (SEM). The photovoltaic parameters of the test devices
were evaluated with respect to the film thickness of the conductive layer and the active
layer.
In a typical BHJ photovoltaic device, the device configuration is
Glass/ITO/PEDOT.PSS/Blend/Al. However, this device configuration is limited due to
limited flexibility of ITO layer, which is fragile. Investigating a new device architecture
using PEDOT.PSS as an anode is another goal of my thesis work. A conductive layer of
PEDOT.PSS is used as an anode, which gives a flexibility to our devices.
As a control, devices were fabricated using a blend of P3HT:PCBM and a
comparison was made with the devices fabricated from P3HT:PDIB nanostructures. The
power conversion efficiencies of the devices made from P3HT:PDIB showed more
promising results compared to typical P3HT:PCBM system.
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CHAPTER 2
BACKGROUND
2.1 Principle Behind Organic Solar Cells
Organic solar cells are devices made of small organic molecules or polymers for
converting light energy into electrical energy. Small organic molecules and conjugated
polymers are the most commonly used organic materials for organic based solar cells.1,2
The presence of alternating single and double bonds between these molecules results in
the delocalization of electrons which in turn increases the conductivity and stability of the
cells.3,4 Furthermore, the energy difference between the bonding Π- orbital and
antibonding Π*-orbital is referred as optical band gap of organic semiconductor.

Figure 2.1: Schematic representation of principle of organic solar cells
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As shown in Figure 2.1, the bonding Π- orbital is known as highest occupied
molecular orbital (HOMO) and the anti-bonding Π*-orbital is known as lowest
unoccupied molecular orbital (LUMO).
The conversion of light energy into electrical energy in organic solar cells is
accomplished by four steps: (i) absorption of incoming photons from sunlight to form an
electron-hole pair (exciton), (ii) exciton diffusion, (iii) charge separation, and (iv) finally
the charge transport to the respective electrodes of anode (holes) and cathode (electrons).
The first step in the working principle of an organic solar cell is the absorption of
light (photons) by the active layer leading the exciton formation. In a typical organic
solar cell, the active layer compromises with two components called a donor material and
an acceptor material. When photons are directed onto organic semiconducting materials,
the electrons of the donor in the HOMO level are excited to the LUMO level. The next
step is the exciton diffusion, which takes place through the charge transfer from the
excited state of donor to the acceptor, leading to the separation of the generated charges.
Finally, the electrons and holes are transported to their respective electrodes to create an
electric current in the device as seen in Figure 2.1.
2.2 Device Architectures of Organic Photovoltaics
A typical organic solar cell consists of an active layer sandwiched between two
electrodes of which one electrode should be transparent to allow the photons coming
from sunlight to reach the active layer. These active layers are based on a single layer,
bilayer or a mixture of two or more components. Based on these active layers, different
device architectures have been employed.
10

2.2.1 Single Layer Organic Solar Cell
The first organic solar cells developed were based on the architecture comprised
of an organic layer sandwiched between two different electrodes as shown in Figure
2.2.1. Commonly, this type of architecture known as sandwich cell facilitates the easy
movement of the generated charge carriers when a photon strikes on the organic material.
These single layer solar cells are analogous to the metal-insulator-metal devices as a
schotty barrier is formed between the organic material and the metal electrode.5-7 In
organic solar cells, usually a layer of indium tin oxide (ITO) works as an hole collector
and metals like aluminum (Al) and calcium (Ca) acts as electron collectors. Using the
concept of single layer solar cell, power conversion efficiency of <0.1% has been
achieved.5

Figure 2.2.1: Device architecture of single layer organic solar cell
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2.2.2 Bilayer Organic Solar Cell
The concept of bilayer cells has been introduced to overcome the limitations of
the single layer solar cells.8 In a bilayer cell, a combination of the electron donating
material and electron accepting material (active layer) are sandwiched between two
electrodes as depicted in Figure 2.2.2. Tang created bilayer solar cell in 1986 wherein the
charge separation has been greatly improved. The power conversion efficiencies of these
cells can be enhanced by choosing the electrodes in such a way that the work function of
the electrode matches the HOMO of the donor and the LUMO of the acceptor.5 A power
conversion efficiency of 1% has been achieved using the bilayer solar cell.

Figure 2.2.2: Device architecture of bi-layer organic solar cell
2.2.3 Bulk Heterojunction Organic Solar Cell
Currently, the bulkheterojunction (BHJ) device structure is the most efficient
system employed in the field of organic photovoltaics. This device architecture was
introduced to correct the poor efficiencies of the bilayer solar cells. In a bulk
heterojunction, both the donor and acceptor molecules are mixed together in order to
ensure that the generated excitons should be within the diffusion length as shown in
12

Figure 2.2.3. Hiramoto et al. first introduced the bulk-heterojunction device structure by
depositing a layer of pthalocyanine (donor) and perylene carboxylic acid derivative
(acceptor).9 This device structure enhanced the photocurrent when compared to the
devices without the blend layer. Since then, the bulkheterojunction devices formed with
small organic molecules have been demonstrated. Up to date, power conversion
efficiency of 10% has been reported for polymer based BHJ device structure.

Figure 2.2.3: Device architecture of bulk heterojunction organic solar cell
2.3 Fabrication Techniques for Organic Photovoltaics
The primary step towards the mass production of organic photovoltaics depends
on the choice of fabrication technique which in turn gives high yield and low cost of
manufacturing.
2.3.1 Spin Coating
Currently, spin coating is the predominant technique employed in the field of
organic photovoltaics to produce organic thin films with thickness ranging from
micrometers to nanometers. This is a fast and precise method used for the generation of
organic thin films. Emil et al. first analyzed and reported this technique in the 1950’s.10 In
this method, the organic solutions are deposited on the substrates and spun at high
13

velocity. The centrifugal acceleration causes the uniform deposition of the films on the
substrates. Through spin coating a film thickness ranging from 1-200 micrometers can be
easily achieved. So far, organic solar cells with power conversion efficiencies of 6% has
been achieved using this technique.11
2.3.2 Roll-to-Roll
The main objectives in the development of organic photovoltaics are low-cost
production, long life stability and achieving high power conversion efficiencies. The rollto-roll processing of organic photovoltaics on low cost substrates with coating and
printing processes makes the field of organic solar cells most attractive. Low cost solar
cells can be developed by high throughput roll-to-roll printing technique. Besides these
printing techniques being non-toxic, and ecofriendly they are less efficient in energy
when compared to first and second generation photovoltaics.12
2.3.3 Spray Coating
Progress in enhancing the field of organic photovoltaics has been rapid in the last
few years. Although the most common method for developing thin films is spin coating,
the limitations in scaling up of the device area limits its usage. As an alternative, a lowcost spray-coating technique has been introduced for the fabrication of organic solar
cells.13-18 Using the spray-coating technique, Vak et al. reported 2.83% of power
conversion efficiency with active layer deposited of chlorobenzene solution.12 The spray
coating method serves advantages over spin coating in terms of less solution consumption
and also it can be used on any type of substrate.19,20
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2.4 Performance Characteristics of Organic Solar Cells
The performance characteristics of an organic solar cell can be known from the JV curves as shown in Fig 2.4. The short circuit current density (Jsc), open circuit voltage
(Voc), fill factor (FF) and power conversion efficiency (PCE) are some of the parameters
for organic solar cells.

Figure 2.4: Performance characteristics of organic solar cells
2.4.1 Short circuit current density (Jsc)
The short circuit current density is the maximum current density extracted from
the cell when the two electrodes are being subjected to short-circuited. This usually
occurs when the voltage across the cell is 0 volts. Moreover, the Jsc mainly represents the
efficiency of the solar cell converting the incident light into electrons. The Jsc is generally
determined by many factors like the absorption of the light, exciton dissociation and the
collection of the generated charges at the electrodes.21
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2.4.2 Open Circuit Voltage (Voc)
The open circuit voltage (Voc) is the voltage generated by the cell when the net
current flowing is zero. The open circuit voltage is found to be directly related to the
difference in energy level between the HOMO of the donor and the LUMO of the
acceptor.22
2.4.3 Fill Factor (FF)
While the short circuit current density and the open circuit voltage represents the
boundaries of the power generated in a solar cell, the maximum power generated occurs
at Vmax and Jsc wherein the product of current (J) and voltage (V) is at minimum as shown
in Figure 2.4. The fill factor is the key parameter used for measuring the performance of a
solar cell and measures the area of the square of a I-V curve. The fill factor is defined as
the ratio of maximum power obtainable from a solar cell to the theoretical power.23

FF  J max* V max/ Jsc *Voc

2.4.4 Power Conversion Efficiency
The most important parameter of an organic solar cell is the power conversion
efficiency and is defined as the ratio of the power output to the power input.
PCE  Jsc *Vsc * FF / Pinput

To allow the comparisons between solar cells, an internal standard spectrum for power
input is used. This is a spectrum of AM 1.5G with an incident intensity of 100 mW/cm2.
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CHAPTER 3
RESULTS AND DISCUSSION
3.1 Overview
Currently the most promising donor and acceptor system for organic based solar
cells is P3HT/PCBM system. However, there are limitations scaling up this system for
future commercialization. Some of the key challenges in this system are: (1) High cost of
the materials; for example, PCBM is costly due to synthetic limitations, (2) Thermal and
photo stability of the devices, (3) Fabrication process is limited, and (4) Material
inconsistency due to the variable molecular weight of P3HT from batch to batch.
Our research group goal is to investigate a possible alternative acceptor to replace
high cost PCBM for organic solar cells. As an alternative, perylenediimide –
functionalized silsesquioxane nanoparticles (PDIB-NPs) were analyzed and developed a
low-cost fabrication process to enhance the performance of the blend of P3HT and PDIBNPs.
During this project period, the following research goals were followed.
(i)

A simple airbrush technique was used to fabricate the devices.

(ii)

Devices with different thickness were developed and the effect of the
thickness of each layer on photovoltaic performance was evaluated.

(iii)

The film thickness was analyzed using the scanning electron microscope
(SEM).
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Finally, we were able to optimize the conditions to fabricate well-performed
photovoltaic devices with reproducibility using this simple airbrush method.
3.2 Analysis of film thickness and film morphology using SEM:
The thickness of films was analysed by gentle fracturing of the substrate under
liquid nitrogen and examined under SEM with backscattered electron detector. In a typical
procedure, samples were scored with a diamond scribe on the uncoated slide, cooled in
liquid nitrogen followed by gently fracturing the glass and film beneath the score. The
fractured surface was mounted face-up on a stub and viewed under SEM at 20 kV in low
vacuum using backscattered electron detector. The detector was set to control the
brightness, which is related to the density and atomic number of materials. The Figure
3.2.1 shows the SEM images of cross sections taken for the PEDOT.PSS layer.

Figure 3.2.1: SEM images taken from cross-sections of PEDOT.PSS layer deposited
on glass substrate using airbrush coating (the average thickness of PEDOT.PSS layer
is 1.0 μm).
Similarly the P3HT/PDIB blend layer was also analyzed using the SEM and is
shown in Figure 3.2.2. These SEM images further confirmed that it is possible to achieve
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uniform layer with the thickness up to 240 nm through this airbrush technique that we
developed in our lab.

Figure 3.2.2: SEM images taken from cross-sections of PEDOT.PSS layer with the
thickness of ~500 nm (left) and P3HT/PDIB layer with the thickness of ~240 nm
(right) deposited on glass substrates using airbrush coating.

The morphology of the film of each layer was examined under scanning electron
microscope (SEM). As shown in Figure 3.2.3, the coating of PEDOT.PSS layer is smooth
and uniform whereas the blend layer shows some defects and pinholes on the surface.
However, the film uniformity was much better of the blend layer thickness of 500 nm
compare to the blend layer thickness of 240 nm.
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Figure 3.2.3: SEM images of PEDOT.PSS layer (left) and a blend of P3HT/PDIB-NPs
(thicknesses of each layer was confirmed as 500 nm).
3.3 Effect of film thickness on device performance
Organic-based

solar

cells

with

the

device

configuration

of

Glass/ITO/PEDOT:PSS/Blend (P3HT:PDIB)/Ca/Al were fabricated using a simple
airbrush method and a schematic diagram of the device structure is shown in Figure 3.3.

Figure 3.3. Schematic diagram of organic based solar cell
The fabricated devices were investigated based on different thickness of the
PEDOT:PSS and the active layer. We effectively fabricated the devices with two
23

different thickness of 1000 nm and 500 nm for PEDOT:PSS and 500 nm and 240 nm for
the active layer. The thickness of the film was controlled using the different deposition
distance from airbrush nozzle to the substrate while maintaining the flow rate.
The Effect of PEDOT:PSS film thickness on photovoltaic performance:
The precleaned ITO was coated with a layer of PEDOT:PSS by maintaining the
distance at 16 cm and 25 cm to get 500 nm and 1000 nm of film thickness respectively.
It is critical to maintain this distance while maintaining the flow rate by adjusting the
argon gas tank pressure at 35 psi. All the test devices were developed keeping the
thickness of the active layer at 500 nm. A distance of 20 cm was maintained between the
nozzle and the substrate to get a film thickness of 500 nm.
Table 1: Photovoltaic parameters of the test devices made with two different
thickness of PEDOT:PSS and 500 nm of active layer

Thickness of
PEDOT.PSS
(nm)
500

Thickness of
the blend
(nm)
500

1000

500

JSC (mA/cm2)

VOC (V)

FF

%PCE

4.04

1.2

0.389

2.357

1.82

0.9

0.323

0.661

Table 1 shows the photovoltaic parameters such as current density (Jsc), open circuit
voltage (Voc), fill factor (FF) and the power conversion efficiencies (PCE).
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Figure 3.4. Comparison of IV curves for test devices with 1000 nm thickness of
PEDOT:PSS, 500 nm thickness of blend and 500 nm thickness of PEDOT:PSS and
blend
The devices made from 500 nm thickness of PEDOT:PSS and the active layer
gave higher current density, open circuit voltage, fill factor and also higher power
conversion efficiency compared to the devices made from 1000 nm thickness of
PEDOT:PSS and 500 nm thickness of active layer as shown in Figure 3.4. The poor
performance of the devices with higher thickness of PEDOT:PSS resulted due to the
dissipation of charges before reaching to the respective anode and cathode. In order to
confirm the effect of film thickness of the active layer on the photovoltaic performance,
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devices were also made by changing the thickness of the active layer. A thickness of 240
nm of active layer was deposited by increasing the distance from 20 cm to 35 cm between
the substrate and the nozzle. Table 2 shows the photovoltaic performance of the devices.
Table 2: Photovoltaic parameters of the test devices made with two different thickness
of PEDOT:PSS and 240 nm of active layer
Thickness of
PEDOT.PSS
(nm)
500

Thickness of
the blend
(nm)
240

500
1000

JSC (mA/cm2)

VOC (V)

FF

2.6

0.7

0.307

0.698

500

4.04

1.20

0.389

2.357

240

1.00

0.5

0.2748

0.172

%PCE

The electrical parameters of the devices made using the active layer thickness at 240 nm
with PEDOT.PSS thickness of 500 nm resulted lower values compared to that of the
devices with both active layer and PEDOT.PSS thickness of 500 nm as shown in Figure
3.5.
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Figure 3.5. Comparison of IV curves for test devices with 1000 nm thickness of
PEDOT:PSS, 500 nm thickness of blend; 500 nm thickness of PEDOT:PSS and
blend; and 500 nm thickness of PEDOT:PSS, 240 nm thickness of blend.
The poor performance of the devices at 240 nm blend thickness may have resulted
due to the presence of defects and pin holes which avoid charge recombination and
separation at the donor-acceptor interface as well as at opposite electrodes.
To further confirm that the film thickness plays a major role on photovoltaic
performance, multiple test devices were made with optimal thickness of 500 nm of both
the blend and the PEDOT:PSS. Table 3 shows the photovoltaic performance of these test
devices.
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Table 3: Photovoltaic parameters of the test devices made with optimal thickness of
PEDOT:PSS and active layer at 500 nm.

Device
1
2
3
4
5

JSC (mA/cm2)
1.28
1.82
1.58
1.47
1.33

VOC (V)/FF
0.5/0.28
0.5/0.25
1.2/0.31
1.0/0.28
0.3/0.24

%PCE
0.23
0.29
0.73
0.52
0.12

6
7
8
9
10
11
12
13
14
15

1.10
1.41
1.29
1.83
3.00
3.12
2.10
3.97
0.98
0.9

1.0/0.4
0.4/0.28
1.4/0.42
0.4/0.27
0.6/0.30
0.9/0.44
1.3/0.43
1.1/0.43
0.8/0.31
0.7/0.49

0.55
0.20
0.94
0.25
0.67
1.55
1.47
2.34
0.30
0.38

However, as can be seen from the table 3 there was no consistency even with the
devices developed from the same optimal thickness. Some of the devices gave the power
conversion efficiencies between 0.2-0.9% and the others were in the range of 1.4-2.3%.
This variation may be due to change in the variables like the preparation of the blend
solution, coating of the PEDOT.PSS and the blend layer, deposition of the cathode layer,
annealing temperature and finally that all the devices are not manufactured from the same
batch. Figure 3.6 shows the IV curves for the test devices.
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(a)

(b)

Figure 3.6. (a) Comparison of IV curves for test devices 1 to 6 and (b) 10,11, and 13
with 500 nm thickness of PEDOT:PSS and 500 nm thickness of blend.
The fill factor describes the quality of the diode and is mainly influenced by the
series and the shunt resistance. However, in our case we observed a drastic change in the
fill factor for all the test devices and we have noticed that the overall resistances for all the
devices were considerably high with the output resistances in the range of kilo ohms (K)
to mega ohms (M). This may be the possible reason for the low value of fill factor.
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Although the current densities for test devices from 1 to 9 and 10 through 13 were
almost same, but there was a drastic change in the open circuit voltage of the devices. The
open circuit voltage mainly depends on the donor-acceptor material combination, material
used for electrode, intensity of light and the temperature.
This data is evidenced that the film thickness plays a major role in effecting the
device performance. Finally, we concluded that the optimal thickness of 500 nm of
PEDOT:PSS and active layer gave better photovoltaic performance.
3.4 Comparison of our system with standard P3HT/PCBM system using spray
technique
As a control experiment, devices were also developed with the standard
P3HT/PCBM system and a comparison was made between the literature results and
P3HT/PCBM system using our spray deposition technique as shown in Figure 3.7.
Table 4 reveals the parameters of the devices from P3HT/PCBM system. However
these test devices showed very low power conversion efficiencies from 0.2-1.33% when
compared with the literature results. The reason for the higher efficiencies of the devices
reported from the literature was those devices were made under inert atmosphere. Due to
the lack of the resources in our laboratory, we fabricated the devices in the open
atmosphere, which lead to the lower power conversion efficiencies. Fabrication of bulk
heterojunction (BHJ) solar cells from a blend of P3HT:PCBM using spray deposition
methods has shown promising results with efficiencies in the range of 3.1% to 3.5% for
large area deposition.1-4 Andrea Reale and co-workers reported that it is possible to improve
the power conversion efficiency even up to 4.1% for P3HT/PCBM blends using simple
airbrush coating in conventional air environment.5
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Figure 3.7. Comparison of IV curves for test devices with 500 nm thickness of
PEDOT:PSS and 500 nm thickness of P3HT/PCBM blend .
Table 4: Photovoltaic parameters of test devices made from P3HT/PCBM system.

Device
1
2
3
4
5
6

JSC (mA/cm2)
1.45
1.49
2.39
1.21
1.40
1.23

VOC (V)/FF
0.5/0.29
0.9/0.4
1.1/0.4
0.8/0.36
0.8/0.33
0.4/0.33
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%PCE
0.26
0.67
1.33
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EXPERIMENTAL PROCEDURES
4.1 Procedures
Materials: Regioregular-poly(3-hexylthiophene) with average molecular weight (Mn) of
30,000 – 60,000 g/mol, chlorobenzene (HPLC grade), and PEDOT.PSS were purchased
from Aldrich and used as received. PCBM was obtained from SES. ITO coated glass
substrates were purchased from SPI. The commercial airbrush (PAASCHE – H202S)
was purchased from Amazon.com. All other solvents and chemicals were used as
received.
4.2 Cleaning of ITO:
Pre-patterned indium tin oxide substrates were purchased from SPI. The
substrates were sonicated for 15 min in isopropanol and 15 min in acetone. They were
blown air with the compressed argon gas and these substrates allowed 3 cells to be
synthesized at once.
4.3 General procedure for making test devices on glass substrates:
The test devices were fabricated through a simple airbrush spray-deposition
technique. A donor, poly-3-hexylthiophene and an acceptor, PDIB-silsesquioxane
nanoparticles were mixed with 1:1 weight ratio (w/w) by dissolving 10 mg/mL from each
in chlorobenzene. The solutions were prepared in the glove box and stirred overnight.
Indium tin oxide coated substrates of 2.4 cm x 2.4 cm were sonicated in isopropanol,
followed by acetone for 10 min. First, PEDOT.PSS was coated by maintaining the distance
of 16 cm and 25 cm in between the ITO substrate and the spray nozzle to give the film
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thickness of 1.0 μm and 500 nm using the commercial airbrush (PAASCHE – H202S). The
airbrush was connected to a compressed argon with maintain the pressure at 30 psi to give
continuous homogenous liquid flow rate. The substrate was then annealed at 100oC for an
hour on a hotplate under nitrogen atmosphere in a glove box. The PEDOT.PSS coated
substrates were spray coated with the blend of P3HT:PDIB-NPs solution by maintaining a
distance of 20 cm and 35 cm to give a film thickness of 500 nm and 240 nm respectively.
Finally, Ca and Al were evaporated with the thickness of 2 nm and 50nm respectively. A
0.0 nm/sec rate for Ca and 0.4 nm/sec for Al was maintained. A pressure of 10-6 torr was
maintained to get the required vacuum.
The final devices were transferred to a glass chamber under stream of nitrogen gas
and sealed the chamber for device characterization. The testing of the devices was
performed using a solar simulator with an emission spectrum close to AM 1.5G and
intensity of 80 mW/cm2. The IV curves of the devices were measured using a Keithley
2400 source meter controlled by a PC. The fill factor (FF) and power conversion efficiency
(PCE) were calculated manually using following two equations.

FF  J max* V max/ Jsc *Voc
PCE  Jsc *Vsc * FF / Pinput

4.4 Thickness Analysis:
The morphology of the thin films was examined using a scanning electron
microscope. First, the ITO coated substrates were scored with a diamond scribe on the
uncoated side, cooled in liquid nitrogen, and then flexed to fracture the substrate and film
beneath the score. The fractured surface was mounted face-up on a stub with the carbon
tape and viewed in a JSM-5400LV SEM at 20KV accelerating potential in low vaccum (30
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mtorr) using a backscattered electron detector. The detector was set so that the brightness
was related to the density and atomic number of the material. The organic film appeared as
a dark layer on the substrate or as a very dark layer between bright layers for aluminumcoated films on ITO glass.
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CONCLUSION AND FUTURE DIRECTIONS
This thesis work was carried out for developing a simple airbrush technique to
fabricate organic based solar cells. Much effort has been directed towards the
optimization of the film thickness of the active layers. The major challenge of this work
is to fabricate the test devices with improved photovoltaic performance.
In this thesis, I successfully developed the organic based solar cells with different
thickness of PEDOT:PSS and the active layer and the film thickness was characterized
using the scanning electron microscope. Later, the photovoltaic performance of the test
devices was evaluated by plotting the IV curves for each thickness. It was observed that
the test devices with optimal film thickness of 500 nm of both the PEDOT:PSS and the
active layer gave higher power conversion efficiency.
Our future research will focus on the enhancing the power conversion efficiency of
P3HT/PDIB system using tandem cell device architecture. In tandem solar cells multijunction layers of donor acceptor blends will be used alternative with inorganic transition
metal oxides such as molybdenum oxide and zinc oxide. This device architecture is known
to improve the power conversion efficiencies of organic solar cells.
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